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^ (57) Abstract: An apparatus includes a receiver for receiving an audio file signal, a decoder (22) for demodulating the audio file 

O signal; and a processor (24) for polling the decoder for a loss of a phase lock in the demodulating of the audio file signal The 
processor resets and reinitializes the decoder in response to the loss in the phase lock loop. The receiver includes 900MHz radio 
& ff^«e"cy reception circuid^. (23). The decoder comprises an eight-to-four modulation EFM decoder. In a prefeired embodiment, 
»^ the decoder outputs a digital audio stream that conforms to a known I2S audio stream format. 
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WIRELESS SIGNAL LOSS DETECTION 

FIELD OF THE INVENTTQN 

The present invention relates generally to wireless communications, and more 
particularly to wireless signal loss detection. 

DESCRIPTION OF THE RET.ATED ART 

Many consumers want to enjoy a vast collection of digital audio files stored on their 
PC by playing those audio files on an audio system. Users have already been transferring 
audio files from CD storage onto their personal computers. Playing audio files directly from 
an Internet web site through a personal computer to a home audio system permits using the 
computer's processing and storage capacities to increase play lists, as well as organize a 
library of digital music files using ID3 tag song data to display artist, album, song title and 
genre. Wireless transmission and reception between a personal computer and the audio 
system would permit a higher quality listening experience for a user 

Wireless transmitter and receiver techniques must be able to send CD-quality digital 
audio from the personal computer to the audio system. Active users of jukebox-managed 
personal computer content and Internet audio listeners seeking alternatives for listening to 
digital quality music files require a convenient connection between their personal computer 
and audio system. Continuous transmission and reception between the audio file source and 
the audio system is required for full user experience in listening to digital quality music files 
25 available from a personal computer or a network site. 

Wireless transmission techniques applied to audio files transmitted to a wireless 
receiver can cease its decoding after long periods of transmission idleness from the audio file 
transmitter source. A phase lock loop in the decoding by the receiver can unlock. Loss of the 
30 phase lock loop by the receiver would require the user to manually re-establish a phase lock 
loop in the decoding of audio file transmissions finom the transmitter. Accordingly there is a 
need for detecting signal loss between the receiver and the signal transmitter and 



20 
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automatically resetting a signal phase lock to maintain near seamless playing of audio files 
received over a wireless communications link. 



SUMMARY OF THE INVENTIQN 



The present apparatus includes a receiver for receiving an audio file signal, a decoder 
for demodulating the audio file signal, and a processor for polling the decoder for a loss of a 
phase lock in the demodulating of the audio file signal. The processor resets and reinitializes 
the decoder in response to the loss in the phase lock loop. The receiver includes 900 MHz 
radio fi:equency reception circuitry. The decoder comprises an eight-to-fouiteen modulation 
EFM decoder. In a preferred embodiment, the decoder outputs a digital audio stream that 
conforms to a known I2S audio stream format. 



The present computer readable medium contains software instructions that, when 
executed by a processor, perform the steps of receiving a modulated audio file signal, 
demodulating the modulated audio file signal, polling the demodulating for a loss in a phase 
lock in the demodulating, and resetting and reinitializing the demodulating in reply to the 
loss in die phase lock. The demodulating is preferably a demodulation of an eight-to- 
fourteen EFM bit digital encoding synchronized to a 900 MHz range carrier frequency 
modulated by the digital encoding 

A method for detecting a signal loss in a wireless audio file signal transmission 
includes the steps of receiving an audio file signal, decoding the audio file signal, and 
polling the decoder for a loss of a phase lock in the decoding of die audio file signal. In 
response to the loss in the phase lock in tiie decoding the decoder is reset and reinitialized. 
The step of receiving, preferably, is synchronized to a 900 MHz range carrier ftequency 
modulated by the audio file signal. The step of decoding includes an eight-to-fourteen bit 
modulation EFM decoding. 
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A more complete understanding of the present invention may be obtained from 
consideration of the following description in conjunction with the drawings, in which: 

HG. 1 depicts an exemplary conununications environment including an Internet 
network, a computer, a wireless transmitter, a wireless receiver, and an audio system. 

FIG. 2 is a block diagram of an exemplary wireless receiver for implementing the 
invention; and 

HG. 3 depicts a wireless phase locked loop unlocked condition and recovery flow 
chart suitable for use in the receiver of FIG. 2; 

To facilitate understanding, identical reference numerals have been used, where 
possible, to designate identical elements that are common to the figures. 

DFTAn pn DESCRIPTTON 



HG. 1 depicts an exemplary communications environment 10 including an exemplary 
network 12, such as the Internet, a personal computer 11 with wireless transmitter 13, and a 
wireless receiver 14. The wireless tiiansmitter 13 transfers audio files on the computer 11 to 
the wireless receiver 14 over wireless medium 15. The wireless receiver then sends the 
analog stereo signal to the audio system 16. The audio files can be any one of various file 
types, such as mp3, files stored for retention during shutoff of the computer or stored 
temporarily when the computer serves as a conduit for transmission of audio files from 
across the network to the wireless receiver 14. The transmitter 13 can be an integral 
component of the computer's architecture or an add-on device communicating with the 
computer through a port connection, such as a universal serial bus connection USB. The 
exemplary computer 11, shown as a laptop computer, can be a desktop computer system or a 
processor based device capable of relaying transfer of audio files from across a network to 
the wireless receiver 14. 



HG. 2 is a block diagram of an exemplary wireless receiver. An incoming modulated 
encoded analog signal received at an antenna 25 is received into the reception circuitry 
ard 23 containing a frequency synthesizer for synchronizing die receiver to an exemplary 
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transmitter carrier frequency in the range of 900 MHz. The encoded signal is decoded by an 
eight-to-fourteen modulation decoder 22. Eight-to-fourteen EFM encoding is a known 
encoding technique for compact disk CD encoding. A digital audio stream I2S from the 
decoder 22 is changed by the stereo digital-to-analog converter DAC 21 into an analog stereo 
5 input signal to an audio system. Communications protocols between the decoder 22 and 
processor 24 preferably conform to known I2C bus protocols. The processor is preferably a 
microprocessor tied over a microwire bus to the reception circuitry 23. The processor 
controls the frequency synthesizer for synchronizing the receiver to the radio carrier 
frequency of the audio file signal source transmitter. The processor 24 also carries out the 
10 inventive wireless audio file signal loss detection and resetting and initialization of tiie 
decoder 22 when a loss of the wireless audio file signal is detected. 

HG. 3 is a flow chart for detecting a wireless phase lock loop PLL unlocked 
condition and recovery flow chart for use in the receiver of FIG. 2. The processor 24 

15 continually polls the decoder 32 to determine if a phase lock loop in tiie demodulation of tiie 
incoming audio file signal has been lost 33. If tiie decoder's phase lock loop PLL has 
unlocked the processor undertakes a software reset of the decoder and reinitializes a phase 
lock loop condition in tiie decoding of the audio file signal received at tiie antenna 25. If tiie 
decoder's phase lock loop PLL remains locked, tfie processor 24 continues to poll tiie 

20 decoder for an unlocked condition in the phase lock loop. The automatic EFM PLL unlocked 
condition detection and recovery allows for no user awareness or intervention requirement. 

Although various embodiments which incorporate the teachings of tiie present 
invention have been shown and described in detail herein, those skilled in the art can readily 

25 devise many other varied embodiments tiiat will still incorporate these teachings. The present 
invention has been described within tiie context of an audio system receiving tiansmission of 
audio files from a personal computer. It will be appreciated by tiiose skilled in the art that die 
teachings of the present invention directed to wireless signal loss detection recovery may be 
practiced where the wireless signal is transmitting audio files stored on ttie computer or audio 

30 files downloaded from across tiie network onto tiie computer for streaming transfer to tiie 
audio system. The audio system can be equipped with an analog stereo input jack, e.g. a 
home stereo with a "LINE" or "AUX" jack, for receiving the stereo audio signal. 
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Claimst 

1. Apparatus comprising: 

a receiver (23) for receiving an audio file signal; 

a decoder (22) for demodulating said audio file signal; and 

a processor (24) for polling said decoder for a loss of a phase lock in said 
demodulating of said audio file signal. 

2. The apparatus of claim 1, wherein said processor resets and reinitializes said decoder 
in response to said loss in said phase lock. 

3. The apparatus of claim 1. wherein said receiver comprises 900 MHz radio frequency 
reception circuitry. 

4. The apparatus of claim 1, wherein said decoder comprises an eight-to-four 
modulation EFM decoder. 

5. The apparatus of claim 1, wherein said decoder outputs a digital audio stream. 

6. The apparatus of claim 5, wherein said digital audio stream conforms to an I2S audio 
stream. 

7. A computer readable medium containing software instructions that, when executed by 
a processor, perform the steps of: 

receiving a modulated audio file signal; 
demodulating said modulated audio file signal; 

polling said demodulating for a loss in a phase lock in said demodulating; and 
resetting and reinitializing said demodulating in reply to said loss in said phase lock. 

8. The computer readable medium according to claim 7, wherein said demodulating is a 
digital eight-to-fourteen modulation digital decoding. 
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9. The computer readable medium according to claim 7, wherein said receiving is 
synchronized to a 900 MHz range carrier frequency modulated by said audio file signal. 

10. The computer readable medium according to claim 7, wherein said demodulating 
5 outputs a digital audio stream. 

11. The computer readable medium according to claim 7, wherein said polling is carried 
out by a processor. 



10 12. A method for detecting a signal loss in a wireless audio file signal transmission, said 
method comprising the steps of: 

receiving an audio file signal; 
decoding said audio file signal; and 

polling (32) said decoding for a loss of a phase lock in said decoding of said audio 
15 file signal.. 

13. The method of claim 12. further comprising the step of resetting and reinitializing 
(31) said decoding in response to said loss in said phase lock in said decoding. 

20 14. The method of claim 12, wherein said step of receiving comprises 900 MHz range 
carrier frequency synchronizing. 

15. The method of claim 12, wherein said step of decoding comprises an eight-to- 
fourteen bit modulation EFM decoding. 



25 



16. The method of claim 12, wherein said step of decoding outputs a digital audio stream. 



17. The method of claim 16, wherein said digital audio stream conforms to an I2S audio 
stream. 



wo 03/103171 PCT/US03/17369 



Stereo 



EFM- 
modulated 
data 




24 



20 



I2Cbus 



r 



Microwire 
bus 



processor 



23 



900 MHz 
RF reception 
circuitry 
containing 
frequency 
synthesizer 



V 



25 



FIG. 2 



Soft reset and 

initialize 
EFM decoder 



31 



32 



Poll EFM 




decoder 


< 



Yes 




30 



FIG. 3 



INTERNATIONAL SEARCH REPORT 



A. CLASSmCATION OF SUBJECT MATTER 

IPC(7) : H04B 1/16. 1/06, 7/00 

USCL : 455/131. 136. 15L 2. 164.1. 205. 240.1, 260. 295. 296. 3,03. 3.06 



International application No. 
PCT/US03/ 17369 



According to Patent riassificatlon MPn or to both n^^tion a i classi fiction '«nH iPr 

p. rlELDS SEARCHED " 



searched (classificaUon system foIloNved by classification symbols) 
U.S. : 455/131. 136, 151.2. 164,1, 205, 240.1, 260. 295, 296. 3.03. 3.06. 



Doomientation searched other than minimum documentation to the extent that such documents 



are included in the fields searched 



Bectronic data base consulted during the international search (name of data base and, where 



practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVAjjf" 



Category ♦ 



Y.P 
A,P 

Y 

A 



Citation ofdocument, with indication, whe re appropriate, of the relevant ns^^a^. ' 

l/Wt/nflOCTl -» A« .V ^. . . ■ P 



US 2002/0085713 Al (FEIG et al) 04 July 2002, see paragipahs 5-10 
US 6.496.692 Bl (SHANAHAN) 17 December 2002. see col. 5. lines 10-65. 

l'^^,'^^^ ^ (MOMTAZ et al) 07 September 1999. see abstract, col 15. line 11- col 

lo, Ime 39. 

us 6,182.128 Bl (KELKAR et al) 30 January 2001. see col. 7. lines 22-46 



□ 

Further documents are listed in the continuation of Box C. 1 



Relevant to claim No. 



1-17 
1-17 
1-17 
1, 7 and 12 



See patent family annex. 



• Spedal categories of cited doeumenu: " — — — — 

•A- document dcriningihe general nate of ihe an i«*ichUno( cm 
of panicular rdevaace 

-E* eariier appUcaikm or patent published « or aftcrilie intemaacnal fding date 

•L- document which may throw douhu on priority claim(i> or which ii died to 
c«t2bluh the pubUcation date of another citation or other special reason fas 
speaHed) ^ 

•O" document referring to an oral dtsdosure. use, cxhibuicn or other means 

-P- document published prior to the hitemational filing date but later than the 
priority date claimed 



laer documem published after the intematioial Tiling date or priority 
dsttc and not in ccnnici with the application but dted to understand the 
principle or theory undertying the fakventicn 

document of particular relevance; the dafaned invemiai cannot be 
considered novel or cannot be considered to involve an inventive step 
when (he document is taken alone 

docmncnt of particular relevance; the damied invention cannot be 
ccnsidered to involve an inventive step when the document is 
conbined with one or more other such documentt. such canbinaticn 
bemg obvious to a pcnon skilled in the ait 

document member of the same patent family 



Date of tiie acmal completion of die international search 
08 August 2003 (08.08.2003) 



Name and mailing address of the ISA/US 
Mail Stop PCX. Attn: ISA/US 
Commi^siaaer for E*atent$ 
P.O. Box 1450 

Alexandria. Virginia 22313-1450 
Facsimile No. (703)305-3230 



Date of mailing of the 



Authorized officw/^ 
Edan Orgad 
TelqjhoneNo. 703-305-43^ 





Form PCT/ISA/210 (second sheet) (July 1998) 



PATWr COOPERATION TREATY 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCT Article 36 and Rule 70) 




Applicant's or agent's fUe reference 
PUQ2Q269 



FOR FURTHER ACTION 



See Notification of Transmittal of International 
Prelinunary Examination Rqport (Fbnn PCT/IPEA/416) 



Iptemational application No. 
PCT/US03/17369 



Latemational filing date (dayfynonth/year) 

03 June 2003 (03.06.2003) 



Priority date {dayfmonthiyear) 
04 June 2002 (04.06.2002) 



Intematianal Piatent OassificatiQa (IPC) or national classification and IPC 
IPC(7): H04B 1/16. 1/06, 7/00 and US Q.: 455/131, 136. 151.2. 164>1, 205. 240.1. 260, 295. 296. 3.03, 3.06, 



Applicant 
THOMSON UCENSINO S.A. 



1 . This in t erna tio nal prelitninary lamination report has been prepared by this latemational PreliniiDary 
Examimng Authority and is transmitted to the applicant accoiding to Article 36. 

2. This REPORT consists of a total of ^ sheets, inf^inHmg this cover sheet. 

□ 

This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this r^x)rt and/or sheets containing rectifications made 
before diis Authority (see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. 



This report contains indications relating to die following items: 
Basis of the report 



I 


12^ 


n 


□ 


m 


□ 


rv 


□ 


V 


lEl 


VI 


□ 


vn 


□ 


vin 


□ 



Reasoned statonent under Article 35(2) with regard to novelty, inventive stq[> or industrial 
i^licability; citations and explanations siqiporting sudi statement 



Date of submission of die demand 
30 December 2003 (30. 12.2003) 



Date of conqiletion of tliis r^xirt 
20 My 2004 (20.07.2004) 




Name and mailing address of the IPE/V/US 
Mail Stop PCT, Attn: EPEA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria. Viiginia 22313-1450 
Facsimile No. (703) 305>3230 



Aft^OT^gd office ^^/l^t— - 
^/Edan Orgad / ' 
Telephone No. 703-305-4223 



Form PCrr/IPEA/409 (cover sheet)(July 1998) 



\ 



INTEKN4TIONAL PRELIMINARY EXAMINATION REPORT 



IstBrnational q>plicadoii No. 
PCT/US03/I7369 



L Basis of the report 



1. With regard to iheelemeiits of the intenrndoxialapplicatioiu 
the international cqjplication as origmally filed, 
the descr4>tion: 

pages Jtl as originally jSJed 

pages NONE , filed with the demand 



pages NONE , filed with the letter of 



^ the claims: 

pages 5 and 6 ^ as originally filed 

pages NONE , as am^ed (together with any statement) under Article 19 

pages NONE , filed with the dmiand 

pages NONE , filed wifli Oie letter of 



the drawings: 

pages 1:2 ^ as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with die letter of _ 

! I the sequence listing part of the description: 

pages NONE ^ as originally filed 

pages NONE , filed with.the demand 

pages NONE , filed with the letter of 



2. With regard to the language, all the elements marted above were available or fiimished to this Authority in the 
language in v/bich the international application was filed, unless otherwise inrfirat?^ under this it^. 
These elements were available or fiimished to this Authority ui the fbllowii^ language v/bich is: 

Q the language of a translation furnished for the purposes of mtemational search (under Rul^.l(b)) 

□ 

the language of publication of the international application (under Rule 48.3(b)) 

die language of die translation furnished for the purposes of international preliminary examinati(m(under Rules 
55.2 and/or 55.3). 

3. With regard to any nndeolide and/or amino acid sequence disclosed in the international plication, the 
international preliminary examination was carried out on die basis of the sequraoe listing- 

contained in the international application in printed form. 

□ 

filed together with the international application in computer readable form. 

□ furnished subsequentiy to this Authority in written form. 

□ furnished subsequentiy to this Authority in computer readable form 

The s t atem e nt that the subsequentiy fiimished writfera sequence listing does not go beyond the disclosure in the 
international application as filed faas been furnished. 

The statement that the infonnation recorded in conqmt^ readable form is identical to the written sequence listind 
faas been fiimished 

The amendments have resulted in the ranr^li^tt^^n of: 

□ 

the description, pages NONE 
the claims, Nos. NONE 

□ 

the drawings, sheets/fig NONE 

5. Q T^reporthasbeenestabUdiedasif (some ol) die amendments had not been n^ 

b^ond the disclosure as faed, as indicated m die Supplemental Box ^ule 70.2(c)).** 
* Repkxcement sheets which teve beenjurmshed to the recei\ing Office in response to an invitation under Article 14 are referred to i 
ttus report as ^'originally filed" and are not annexed to this report since they do not contain amendments Qiules 70,16 and 70,17). 
Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 



F6rm PCT/IPEA/409 (Box 1) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



loternatioDal q)plicaiio]i No. 
PCT/US03/17369 



V. Reasoned statement uncfer Rule 5IU(a)(ti) with r^ard to novelty, inventive step or industrial applicablfiitry 
citations and explanations supporting such statement 

1. STATiaiENT 



Novelty 



Claims 1-17 



Claims NONE 



_YES 
NO 



inventive Step QSi 



Claims 2. 7-11 and 13 



Claims 1. 3-6, 12 and 14-17 



YES 
NO 



hidustrial Applicability (lA) 



Claims M7 



Claims NONE 



_YES 
NO 



2. CITATIONS AND EXPLANATIONS 
Please See Contlmiation Sheet 



Fbmi PCT/IPEA/409 (Box V) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION RETORT 



Supplemental Box 

CTo be used vhsa the space in aoy of the preceding boxes is not suffident) 



International q)plication No. 
PCTAJS03/17369 



V. 2* Citations and Explanations: 

Claim 1. 3-6, 12 and 14-17 lack an inventive step under PCT Article 33(3) as being obvious over Hunsinger et al (US 
5,850,415) in view of Cashen et al (US 5,878,336). 

Regardmg claims 1 and 12, Hunsinger teaches a receiver for receiving an aucfio fUe signal (abstract) a decoder for demodulating said 
audio file signal (fig. 16, element 286). However, Hunsinger fails to teach a processor for poUing said decoder for a loss of a phase 
lock m said demodulating of said audio file signal. However, in the same field of endeavor, Cashen teaches a processor for polling 
said d^oder for a loss of a phase lock in said demodulating of said au(fio file signal (col. 3. lines 1 1-37). Therefore, it would have 
been obvious to combme Cashen's teachings of a processor for poUing said decoder for a loss of aphase lock m said demodulating of 
said audio file signal widi Hunsinger's digital broadcasting system in order to discontinuously operate the receiver in a commuoication 
that reqmres reception and evaluation of data field in their entirety. 

Regarding clauns 3 and 14, Hunsii^er fails to spedficaUy disclose said receiver comprises a 9(X)MHz radio fi'equency reception 
circmtiy JHowver. official notice is taken dmt a receiver comprises a 900MHz mdio fiequency reception circuitry is veiy wdl 
kQOvm. Therefore, it would have been obvious to use a receiver conqirisii^ a 900MHz racBo fi^quency reception drcuitry with 
Hunsu^er m ordo- to provide die user with a broader range of frequencies. 

Regarding daims 4 and 15, Hunsinger fails to specTicaUy disdose said decoder comprises an eight to four modulation EFM decoder. 
However, official notice is taken that an eight to four modulation EFM decoder is well kno^Mi in tiie art Thisrefore, it would have 
been ob^ous to use an eight to four modulation EFM decoder with Hunsingw's receiver in order to translate tiie original data into its 
onginal format 

Regarding claims 5, 6, 16 and 17, Hunsinger teaches said decoder ouiputs a digital audio stream (see abstract) but fails to disdose that 
It conforms to an IS2 audio stream. However, official notice is taken Oiat 1S2 audio streams are weU known. Therefore, it would have 
been obvious to use IS2 audio stream with Hunsinger's existix^ audio stream m order to have 16 bits represent left channd audio 
sanspies^ and the otiier 16 Mts represent rigjit chamel audio Samples. 

aaims2,7-n and 13 meet the criteria set out in PCT Artide 33(2H3), because die prior art does not teadi or fairiy suggest 

Regardmg dams 2 and 13 , die prior art of record fails to specifically disdose said processor resets and reinitializes said decoder in 
re^onse to said loss m said phase lock. 

Re^rding daim 7-1 1 . Regarding claim 7, the prior art of record teadies a receiver for receiving an audio file signal (abstract) a 
decoder for demodulating said audio file signal, a processor f«r p olHt,y> for a loss of a phase lode m said demodulating of 



Form PCT/IPEA/409 (Continuation Sheet) (July 1998) 



1 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Iziteroational q^plication No. 
PCTAJS03/173e9 



Supplemeatal Box ~ 

(To be used when the space in any of ttie preceding boxes is not sufficient) 



SMd audio file agoal (fig 16. element 286). However, the prior art of record fails to specifically disdose said processor resets and 
rennfaalizes said decoder m response to said loss in said phase lode 



NEWCITATIGNS 



US 5,748,046 A (Badger) 5 May 1998, see entire document. 
US 5.878.336 A (Cashen et al) 2 March 1999. see entire document 
US 5,850,415 A (Hunsinger et al) 15 December 1998, see entfae document 



/ 



Form PCT/IPEA/409 (Continuation Sheet) (July 1998) 



